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been produced, but most proved too susceptible for practical use (3) . Comparatively fewer second-generation crosses have been evaluated, and most have been backcrosses to the resistant Asian chestnuts (12) . Although these trees were highly blight resistant, their tree form, winter hardiness, and forest competitiveness were less than satisfactory.
Above-average resistance in first-generation hybrids obtained from crossing American with Chinese chestnut has been observed (11) . When some first-generation hybrids were backcrossed to Chinese chestnut, the percentage of resistant progeny was encouragingly high (slightly >75%). In light of these findings, it has been suggested that the inheritance of blight resistance might be relatively simple, controlled by as few as two partially dominant genes (11) .
Assuming that blight resistance is under oligogenic control, it should be a relatively straightforward task to introgress the genes conferring resistance to E. parasitica in Chinese chestnut into American chestnut by a series of backcrosses to American chestnut (1, 6, 9) . Repeated backcrossing of select (i.e., the most resistant) American chestnut x Chinese chestnut hybrids and their progeny to American chestnut would reconstitute the American chestnut genome and, hence, many of its desirable qualities, with the addition of resistance genes from Chinese chestnut. This strategy has since been adopted by The American Chestnut Foundation, and an aggressive backcross breeding program is currently underway (21) .
One means for greatly increasing the efficiency of backcross breeding programs is to use selectable molecular markers (6, 34, 44) . Molecular markers and their corresponding linkage maps are making it possible to identify genomic regions that condition resistance (13, 33, 38, 47) . Simultaneous selection for marker alleles that bracket regions conditioning resistance and against all other marker alleles unique to the donor parent allows the breeder to approach the genotype of the recurrent parent in fewer generations than predicted by theory (23, 24) .
In the current study, we used a three-generation C. dentata x C. mollissima pedigree to construct a genetic linkage map for chestnut and to investigate the genetic control of resistance to chestnut blight. We present our linkage map, indicate which genomic regions appear to be conditioning resistance, and discuss how these markers will be used to increase the efficiency of the backcross breeding program.
MATERIALS AND METHODS
Mapping population. F2 progeny for which results are presented were derived from a cross between the C. dentata x C. mollissima F, hybrids R4T31 and R4T52, located in the Spring lot of Sleeping Giant Chestnut Plantation in Hamden, CT. These F, trees are descended from the 'Mahogany' Chinese chestnut tree (PI#70315), archived at the Connecticut Agricultural Experiment Station (CAES), and from the 'Roxbury East#l' and 'Roxbury#l' American chestnut trees (Fig. 1) . The 'Mahogany' tree was planted in 1929 and is highly blight resistant (2) . The American chestnut trees 'Roxbury East#l' and 'Roxbury#l' were originally considered to have low levels of blight resistance (19) and used in breeding work conducted at the CAES. The F2 progeny were grown in Meadowview, VA, as described by Hebard (21) .
To augment the detection of resistance loci, we employed the method of selective genotyping (32) . Progeny with the highest and lowest levels of resistance (i.e., those individuals presumably fixed for alternate alleles at major effect resistance loci) were included in the sample. A total of 102 progeny whose resistance phenotype deviated substantially from the mean were selected from an Fz population consisting of 18.5 trees. Three individuals were accidentally mislabeled during the DNA extraction process. These three individuals were included in the linkage analyses, but were excluded from the marker-based analyses of the morphological trait and blight resistance data.
Isozyme detection. [SOD] ) were assayed on dormant buds using procedures described previously (26) . Segregation was scored on a total of 50 F2 individuals (a subset of the 102 progeny).
cDNA cloning for restriction fragment length polymorphism (RFLP) analysis. Total RNA was isolated from 1 g of young leaves of an unnamed C. dentata (New Salem, MA). Poly(A) RNA was prepared from total RNA utilizing the PolyATract system (Promega Corp., Madison, WI). cDNA was synthesized from 1 mg of poly(A) RNA using a cDNA synthesis Custanea dentafa x C. mollissima hybrid chestnut pedigree used for this study.
kit (Pharmacia LKB Biotechnology Inc., Piscataway, NJ), ligated into the vector pBluescript SK(+) (Stratagene Cloning Systems; Stratagene Inc., La Jolla, CA), and then used to transform competent DHScx cells.
RFLP detection. Southern blot analysis was performed on the Chinese chestnut grandparent 'Mahogany', the F, hybrids R4T31 and R4T52, and an unnamed American chestnut. DNA was isolated from these trees according to procedures reported previously (8) . DNAs were digested with HindIII, EcoRI, and EcoRV.
Digested DNA (approximately 1.0 pg/lane) was separated on 0.9% agarose and Southern blots were produced (7). Probes were labeled using the random priming technique (17) . Filters were hybridized under moderate stringency conditions at 68°C for 16 h (7). The filters were washed at 68°C twice in 2~ SSC (IX SSC is 0.15 M NaCl plus 0.015 M sodium citrate) and 0.1% sodium dodecyl sulfate (SDS) for 10 min, next in 1X SSC and 0.1% SDS for 20 min, and finally in 0.5~ SSC and 0.1% SDS for 20 min.
DNAs obtained from extracts of R4T31 were not of a sufficient quality for enzyme manipulation and electrophoresis. As a result, only polymorphisms between the Chinese grandparent, the anonymous American chestnut, and the F, parent R4T52, digested with various enzymes, could be used to monitor the segregation of sequences homologous to cDNA clones. This may have limited our information regarding mappable RFLPs. DNA from all 102 F2 individuals was digested and Southern blots were produced. Hybridizations and washes were carried out under the moderate stringency conditions described above.
DNA extraction and random amplified polymorphic DNA (RAPD) amplification. Total nucleic acids were isolated from chestnut leaves using a modification of the cetyltrimethylammonium bromide (CTAB)-based procedure (45) . To ensure the purity of the chestnut DNA obtained, a proteinase K (0.5 mg) digestion was performed subsequent to the addition of iV-lauroylsarcosine. An additional chloroform/octanol (24:l) extraction also was performed. The RNA component of these individual extracts was removed by incubation in the presence of RNase A (4).
Oligonucleotide IO-mer primers were obtained from either Operon Technologies (Alameda, CA) or J. E. Carlson (University of British Columbia, Vancouver, B.C., Canada). A total of 288 primers were selected for initial screening work. DNA amplification followed protocols reported previously (37) . The only modification consisted of doubling the amount of template DNA to 6.25 ng per reaction.
Primer screening and marker scoring. To identify and characterize the segregation of RAPD markers, lo-mer primers were screened against both F, parents (R4T31 and R4T52) and six F2 progeny. A subset of primers that maximized the number of polymorphisms was selected, and segregation was scored on an additional 96 progeny. The 96 individuals were divided into four progeny sets (24 individuals in each set). Each progeny set was amplified on a different thermal cycler, and those polymorphisms that could be confidently scored across all four sets were included in our analyses. Segregating RAPD markers were identified by the manufacturer primer code corresponding to the IO-mer primer responsible for their amplification, followed by a subscript four-digit number indicating the fragment size in base pairs. To ascertain the grandparental origin of each RAPD polymorphism, the informative primers identified above were screened against a panel of DNAs consisting of the Chinese chestnut and American chestnut grandparents, as well as the F1 parents.
Segregation analysis. Each polymorphism was tested for goodness-of-fit to its expected Mendelian segregation ratio using chi-square analysis (41) . Those loci that appeared to be experiencing segregation distortion (P < 0.01) were excluded from primary mapping analyses. The software packages LINKAGE-l (43) and JoinMap version 1.1 (42) were utilized to produce a comprehensive, integrated genetic linkage map for the Chinese chestnut x American chestnut hybrid genome. Two-point linkages were ini- tially examined using both LINKAGE-l and JoinMap. Linkage groups were established using a log of the odds (LOD) threshold of 24.0. For each of the suggested groups, marker orders were determined using JoinMap. In an attempt to map additional regions of the genome, markers with distorted segregation ratios were included in a series of final linkage analyses and tentatively assigned to a linkage group (LOD 2 4.0). than strain SG2-3. Two inoculation sites per F2 individual were selected approximately 15 to 30 cm apart. Strain SG2-3 was used to inoculate the acropetal wound site, and strain Ep155 was used to inoculate the basal wound site.
Morphological traits.
Morphological traits for which F2 progeny were rated include the occurrence of simple hairs on interveinal areas of abaxial leaf surfaces, the density of simple hairs on twigs, the density of simple hairs on abaxial leaf midribs and secondary veins, stipule size, and the degree of green or red stem color. A description of the rating procedures, hypotheses regarding inheritance, and suggested locus nomenclature have been reported previously (22) .
Inoculations were made in late spring (mid-June 1993) using 7-to IO-day-old fungal cultures. Plugs of bark 1.5 mm in diameter, extending to the vascular cambium, were removed from the trees. Similar-sized agar plugs containing the appropriate fungal isolate were inserted directly into the wound, which then was sealed with masking tape to prevent desiccation. Canker evaluations (length, width, stromata production, and canker superficiality and swelling) were made in August and again in September. The mean canker sizes in each month (computed from the length and width) for each isolate were used as relative measures of resistance. Field evaluation of blight resistance. The blight resistance reMolecular evaluation of morphological and blight resistance sponse of the F2 progeny was assessed by using the agar-disk, data. The degree of association among the 241 marker loci and cork-borer method (20) . During the third growing season (1993), the various morphological traits and blight resistance data was each F2 individual was inoculated with two different strains of E.
investigated by employing single-locus or nonsimultaneous analyparasiricu (strains Ep155 and SG2-3). The relative pathogenicity sis of variance (ANOVA) models, in which the individual marker-(ability to invade and live on host tissue) of these strains on genotypes were used as class variables (31) . The proportion of the American chestnut was determined previously (F. V. Hebard, WZphenotypic variance explained by segregation of the marker was published data). Strain Ep155 was considerably more virulent determined by the R2 value. For the morphological trait data, an a Expected Mendelian inheritance ratio. b Observed number of individuals in each genotypic class. cc = homozygous for Chinese chestnut alleles; cclca = ambiguous, one or two Chinese chestnut alleles; ca = heterozygous; ca/aa = ambiguous, one or two American chestnut alleles; and aa = homozygous for American chestnut alleles. c Observed chi-square for tit to the expected. d Linkage group to which the marker mapped. e NLM = number of undistorted markers linked at LOD > 4.0 and NDM = number of distorted markers linked at LOD t 4.0. f The most tightly linked marker. s The largest LOD score suggesting linkage.
h The number of asterisks indicates the probability of lack-of-tit of the observed segregation to the expected. Two asterisks indicate rejection at P IO.01, three at P IO.001, and four at P ~5 0.0001.
association between a marker and the trait of interest was considered significant if the probability of observing an F value as large as, or larger than, the observed value was 50.001. For the blight resistance data, a more liberal threshold (P 2 0.01) was chosen in an attempt to lower the type II error rate (29) . To reduce the residual inflation common to single-locus models and increase the probability of detecting secondary quantitative trait loci (QTL), multiple-loci or simultaneous models were constructed (46) . A separate model was constructed for each linkage group (LG-specific models), allowing for the removal of variation associated with any other QTL that might be present on the same linkage group. The best multivariable ANOVA model was determined by using both the stepwise and maximum R2 improvement methods available in the statistical analysis software, SAS (SAS Institute, Cary, NC). For the stepwise technique, the F statistic for a marker to be added to the model had to be significant at the SLENTRY _< 0.01. Once added, any marker that did not produce a significant F at the SLSTAY < 0.01 was deleted from the model. A set of genome-wide simultaneous (GW) models was then constructed, which included all the significant markers located on different linkage groups. Again, the best multivariable ANOVA model was determined by using both the stepwise and maximum R2 improvement methods.
RESULTS

Current status of the chestnut linkage map.
A total of 241 polymorphisms were scored on our F2 population: eight isozymes, 17 RFLPs, and 216 RAPDs. Of the 241 polymorphisms, 45 were found to deviate significantly from their expected Mendelian inheritance ratio based on chi-square analyses (P < 0.01). These markers were initially excluded from the linkage analyses. A total of 196 loci were used to construct a primary recombinational linkage map. These 196 loci (six isozymes, 14 RFLPs, and 176 RAPDs) were entered into LINKAGE-l and JoinMap. Of the 196 loci analyzed, 184 (93.9%) were found to be linked. In total, two isozymes, 12 RFLPs, and 170 RAPDs mapped to 12 linkage groups spanning a total genetic distance of 530.1 Kosambi centimorgans (CM) (Fig. 2) . The genetic length of the linkage groups ranged in size from 12.5 to 63.5 CM, with an average length of 44.2 CM. The genetic distance between markers ranged from 0.0 to 23.2 CM, with an average spacing of 2.8 CM.
In an attempt to map additional regions of the chestnut genome, linkage analyses were performed that included the entire marker data set (241 markers). Of the 45 markers found to deviate significantly from their expected Mendelian inheritance ratio, 21 were found to be linked to at least one other marker included in the primary linkage analyses (Table 1 ). An additional 12 distorted markers were found to be linked to at least one other distorted marker (Table 1) . A tentative thirteenth linkage group (designated group M) was formed among five distorted markers and the previously unlinked primary marker 2516~~~ (Table 1) . Although an additional 33 markers were added to the map, only an extra 24.1 CM of genetic distance was covered (data not shown).
Molecular markers significantly associated with morphological traits. Interveinal leaf hairs. The abaxial, interveinal leaf surface on sun leaves of American chestnut are glabrous, whereas Chinese chestnut leaves are pubescent. In our population of 102 individuals, 87 were pubescent, 12 were glabrous, and 3 were excluded due to mislabeling during DNA extraction (described in Materials and Methods). Using single-marker ANOVA, 12 markers located on linkage group C were significantly associated with the presence or absence of interveinal leaf hairs (Table 2) . Models specific for linkage group C suggested that two putative loci determine the presence or absence of interveinal leaf hairs. One locus (Inhl) is most likely located in the vicinity of marker 184,m, and the other (Inh2) near marker 306asZ5 (Fig. 2) . A model containing both markers as independent variables had an R2 value of 0.526.
Vein hair
population, most individuals possessed a moderate to high density of vein hairs, and only a few individuals had sparse vein hairs (Table 3) . Single-marker ANOVAs performed on vein hair density suggested a significant association for six markers, all of which were located on linkage group C (Table 2). LG-specific models suggested that only a single putative locus, located on linkage group C, significantly influences the density of simple vein hairs. The most likely location of this locus (Vnhl) is in the proximity of marker GM49 (Fig. 2) .
Twig hair density. Twigs of Chinese chestnut are conspicuously hairy, while hairs are not visible with the naked eye on twigs of American chestnut. Most individuals in our F2 population were conspicuously hairy on their twigs (Table 3 ). Only two markers (both on linkage group C) were found to be significantly associated with twig hair density based on single-marker ANOVAs (Table 2 ).
LG-specific models suggested that only a single puta- a R2 or the proportion of the phenotypic data explained by the marker locus. b P > F = probability of a greater F value.
tive locus on linkage group C significantly influences the density of simple twig hairs. This putative locus (Twhl) is most likely located in the vicinity of marker 3060s25 (Fig. 2) . Stipules of Chinese chestnut are wide at the base (5 to 10 mm) and taper to a point, whereas stipules on American chestnut are thinner at the base (1 mm) and slowly taper to a point. In our F2 population, a fairly normal distribution for stipule size was observed (Table 3) . A significant association was observed between 12 markers and stipule size ( Table 2). LG-specific models suggested the existence of a single locus on each of the groups B, C, and E. GW models suggested the existence of two loci that significantly influence stipule size. These loci (Srpl and 9~2) are most likely located in the vicinity of the markers F0825M, on linkage group C and 271,,, on linkage group E, respectively (Fig. 2) . A model containing both marker loci had an R2 value of 0.285.
Green or red stem color: Growing American chestnut stems have a reddish color, whereas Chinese chestnut stems are green or tan colored. In our F2 population, approximately equal numbers of red-and green-stemmed individuals were observed (Table 3) . Nine markers were found to be significantly associated with stem color based on single-marker ANOVAs (Table 2) .
LG-specific models suggested the existence of only a single putative locus on each of the groups A, C, and I. GW models suggested the existence of three loci that significantly influence stem color. One locus (Redl) is most likely located in the proximity of marker 1461050 on linkage group C, another locus (Red2) in the vicinity of marker 1550775 on linkage group A, and the third locus (Red3) near marker 3240600 on linkage group I (Fig. 2) . A model including these three loci had an R2 value of 0.422.
Markers significantly associated with resistance to E. parusifica. The mean canker size in August for both strains of E. parusitica was chosen as the best single metric of resistance. The September data were excluded from many analyses, because there was a significant interaction between month of measurement and check tree type (American and Chinese chestnut and their first hybrid) in a repeated measures ANOVA. Biologically, the interaction was due to superficial canker expansion between August and September in varieties of Chinese chestnut that did not have extraordinarily high levels of blight resistance. This superficial canker expansion renders less meaningful resistance metrics based solely on canker length and width. A similar interaction between month of measurement and resistance class was seen in the F2 progeny when these had been partitioned into resistance classes by discriminant analysis based on check tree canker sizes. Pooling August canker length and width for both strains of E. parasitica was justified, as there were no significant interactions associated with canker dimension and no significant interaction of fungus strain with either check tree type or F2 resistance class. The distribution of mean August canker size approximated a normal distribution (Table 3) . A total of 34 markers located on seven different linkage groups were found to be significantly associated (P > F I 0.01) with a resistance response based on singlemarker ANOVAs (Table 4). LG-specific models suggested the existence of a single locus on each of the groups A, B, C, E, F, G, and H. Results from the GW models support the existence of three putative resistance loci (Table 5) . One putative resistance locus (Cbrl) is located on linkage group B and is most likely located near marker Al 1 r roe (Fig. 2) . The band-present alleles at this locus are descended from the American chestnut grandparents; therefore, only two genotypic classes, either Chinese/Chinese (resistant) and American/Chinese or American/American (susceptible) were distinguishable. Individuals possessing two Chinese chestnut alleles at marker Al 1 rim had cankers that were an average of 1.44 cm smaller than individuals carrying at least one American chestnut allele (Table 6 ). Another putative resistance locus (CbR) is most likely located on linkage group F in the vicinity of marker B03i67J (Fig. 2) . The band-present alleles at this locus are descended from the American chestnut grandparents. Individuals harboring two Chinese chestnut alleles at marker B03i675 had cankers that were an average of 1.26 cm smaller than individuals carrying at least one American chestnut allele (Table 6) . A third putative resistance locus (Cbr3) is most likely located on linkage group G in the proximity of marker F162850 (Fig. 2) . The band-present alleles at this locus are derived from the American chestnut grandparents. Indi- a R2 or the proportion of the phenotypic data explained by segregation of the marker(s). b P > F = probability of a greater F value. c Distorted marker that mapped to linkage group G. (Table 6) . A model including these three marker loci explained as much as 42.2% of the variation associated with canker expansion. Up to 48% of the variation was explained by codominant composite markers constructed for regions encompassing the three markers (data not shown). This latter figure is 73% of the total genetic variance. The total genetic variance was computed by subtracting the variance for the parental checks from the phenotypic variation of the F2 progeny. The three markers were also the only significant markers in a multivariate ANOVA including the four mean canker sizes for both strains on both measurement dates. There were no significant interactions between markers in the ANOVA using August mean canker size. For these three marker loci, the mean and standard deviation of canker size at each of the eight possible genotypic classes are displayed in Table 6 . Individuals possessing more than three resistance-associated alleles had cankers that were an average of 1.99 cm smaller than individuals harboring three or less resistance-associated alleles.
DISCUSSION
Chestnut linkage map. In the current study, we utilized a three-generation C. dentata x C. mollissima pedigree to construct a genetic linkage map for chestnut and to investigate the control of resistance to E. parasitica. Primary linkage analyses, including only those markers that were segregating at their expected Mendelian inheritance ratio, mapped 184 loci to 12 linkage groups covering a total genetic distance of 530.1 Kosambi CM. Chestnut species are known to contain 12 homologous pairs of chromosomes (30) . Although the results of our analyses suggested the existence of 12 linkage groups, we cannot be sure that each group represents a unique chestnut chromosome. In spite of the rather small average spacing between markers (2.8 CM), it appears as if our map is not yet complete, as 12 markers remain unlinked. Using our partial genetic linkage data, we estimated that our primary map currently covers at least 75% of the chestnut genome (data not shown) (28). a SS = sum of squares. b P > F = probability of a greater F value. c R2 or the proportion of the phenotypic data explained by segregation of the marker(s).
Meiosis in interspecific hybrids and derived generations is rarely normal and is expected to be more abnormal in more highly differentiated species combinations. Abnormalities have been shown to include reduced recombination, skewed segregation, incomplete disjunction, and production of chromosomal aberrations. Skewed or distorted segregation appears to be common in interspecific crosses between woody perennials. In two different interspecific crosses, the frequency of loci with skewed segregation ranged from 33% in an interspecific cross in the genus Citrus (16) to 37% in an interspecific cross in the genus Prunes (18) . The percentage of loci demonstrating aberrant segregation in our interspecific chestnut population (18.6%) suggested that, while these species are taxonomically distinct at the morphological level, their genomes retain a large amount of structural and functional homology. The localization of loci with aberrant segregation to five different linkage groups (A, E, G, L, and M) suggested that regions of these chromosomes may contain structural differences, genes that affect viability, or both. Although the problems associated with aberrant segregation did not preclude our ability to construct a map for hybrid chestnut, they could make it difficult, or even impossible, to obtain precise estimation of marker-QTL linkages in these genomic regions.
Inheritance of morphological traits. Using molecular marker data, we were able to map loci controlling five different morphological traits (Fig. 2) . The marker-based analyses suggested that these traits ascribe to simple Mendelian models. These results are in fairly close accordance with those reported previously (22) . Hebard (22) suggested that the presence or absence of interveinal leaf hairs is controlled by a single dominant locus with modifiers. Our marker-based analysis suggested that this trait is controlled by two closely linked loci with alleles in coupling. This might partially explain the rejection of 3:l inheritance of interveinal leaf hair density in the F2 population (22) . Hebard's (22) data indicates that vein hair density and twig hair density are controlled by two and three different pairs of dominant genes, respectively. Our marker-based analyses suggested that only single dominant genes control each of these traits. It is possible that other loci affecting vein hair and twig hair densities exist; however, current searches lack the power to confidently detect such loci. Linkage analyses performed on the various morphological trait data suggested linkage among loci influencing the three trichomerelated traits and stem color, as well as between loci influencing stipule size and stem color (22) . Molecular marker-based analyses confirmed the linkage among loci influencing the trichome-related traits and stem color (Fig. 2) ; however, we could not determine the precise location of these loci in these analyses. In addition, we were not able to determine whether separate loci control each of the trichome-related traits or whether pleiotropy exists. The results of the marker-based analyses help explain the low correlation noted among the various morphological traits and blight resistance ( Fig. 2 and Table 7 ). In general, multigenic inheritance severely reduces the usefulness of these morphological traits as markers for mapping, and their close linkage to each other reduces their utility as selectable markers in our backcrossing program.
Inheritance of blight resistance. Using single-marker or nonsimultaneous ANOVA models, we identified seven genomic regions that appear to condition a resistance response in the host. Multiple-marker models suggested that only three of these genomic regions simultaneously have a significant effect on disease response. That there are only three loci with an intermediate to large effect involved in resistance to E. parasitica in chestnut is in accordance with previous studies (11). Although we found three markers significantly associated with chestnut blight resistance, any combinations of only two of the three markers identified between eight and 12 trees that had a composite mean canker size smaller than those on two of the three types of Chinese chestnut check trees used in this experiment (the August mean canker size for the three sets of Chinese chestnut check trees were 3.8, 3.3, and 1.7 cm; the sizes for the three combinations of markers can be computed from Table 6 ). Thus, while it is clear that we found no single genomic region that alone could confer blight resistance, from a practical breeding perspective, two regions are sufficient to confer high levels of blight resistance. Even though the multiple-marker models suggested that only three of the seven genomic regions simultaneously have a significant effect on host response, all seven regions are currently being given equal attention in our mapping program until they have been further characterized. The consequences of overlooking a "true" resistance locus far outweigh the time and labor associated with retaining a false-positive or spurious locus.
E. parasitica is endemic to all major chestnut-growing areas of China, and considerable variation in blight resistance has been reported (25) . Molecular studies in other chestnut pedigrees may help determine whether genes for resistance from different sources (such as other individuals of Chinese chestnut or other species of chestnut) map to the same or different locations in the genome. Such information would help us identify additional sources of blight resistance and avoid the use of redundant sources of resistance in the breeding program; this would lead to greater efficiency. Intermixed plantings of backcross progeny from different sources of resistance would encourage crossing in the plantings; this might lessen the potential for breakdown of resistance.
Although it was not critical to order all loci precisely for the ANOVA-based analyses performed in this paper, it will eventually become critical to determine the correct gene order in regions flanking putative disease resistance loci. Such information will be 758 PHYTOPATHOLOGY essential in the later backcross generations in which our focus will be to eliminate those regions of the donor genome experiencing selective drag (24, 48) . Our goal is eventually to saturate the genomic regions harboring putative resistance loci with large numbers of selectable markers. This will be accomplished by performing bulked segregant analysis (3.5) on the marker genotypes most significantly associated with a resistance response. Once a large number of markers have been identified in each of the regions of interest, analyses will again be carried out to localize the putative resistance loci more precisely. This might best be accomplished in a backcross population or pedigree. The American Chestnut Foundation is currently backcrossing the resistance from three Chinese chestnut trees ('Nanking', 'Mahogany', and 'FP555') into 15 to 20 lines of American chestnut. The breeding program is focusing primarily on American chestnut trees in the vicinity of Meadowview, VA, but the goal is to restore the American chestnut throughout its entire native range. Thus, to preserve adaptations to local conditions, the hope is to replicate the breeding effort every few hundred miles from Maine to Georgia. Limited information exists regarding the amount and distribution of genetic variation in American chestnut (27) . This work has provided information about a large number of mapped markers that can now be used in population genetic studies of chestnut. Such studies currently are being pursued in the hope that results from them will help us better estimate the number of American chestnut parents we need at each location, as well as how many locations are needed across the natural range.
